SUMMARY Little is known about the effects of hyperoxia on the cerebral circulation of human infants. Using duplex Doppler we measured the changes in cerebral blood flow velocity in a group of full term (n=15) and premature infants (n=17, median gestational age 31 weeks) in response to a transient threefold increase in oxygen tension. Measurements of blood gas tensions as well as blood pressure and cerebral blood flow velocity were made over a period of 20 minutes on three occasions for each infant; during normal oxygenation, hyperoxia, and normal oxygenation. There was a fall in cerebral blood flow velocity in 15 of the 17 premature infants with hyperoxia and the median reduction was 0-06 cm/second for every 1 kPa increase in oxygen tension. There was no significant change in either PCO2 or blood pressure during the period of hyperoxia. The cerebral blood flow velocity fell in all 15 infants born at full term during hyperoxia, but there was a simultaneous and significant reduction in PCO2 at the same time as the hyperoxia. Analysis of variance suggested that in the infants born at full term the change in carbon dioxide had most effect in the reduction of cerebral blood flow velocity, rather than the hyperoxia itself. We conclude that in premature infants, cerebral vascular resistance may be altered by a fall in cerebral blood flow velocity in the presence of hyperoxia.
Hyperoxia has a consistent and predictable effect on cerebral blood flow in healthy adult brains. Little is known, however, about the effect of hyperoxia on cerebral blood flow in newborn infants, although oxygen is commonly used to treat lung disease in this population. Periods of prolonged hyperoxia cause vasoconstriction of the neonatal retinal circulation (which arises from the internal carotid artery) and so would also be expected to have a similar effect on the cerebral circulation. Whether the central nervous system of the extremely premature newborn infant is also sensitive to the effects of hyperoxia is unknown.
We report the use of duplex Doppler ultrasound to study the physiological effect of extremely short periods of hyperoxia on the cerebral circulation in healthy and ill infants born prematurely and at full term.
Methods
Infants enrolled in this study were all born in the maternity unit of the Leicester Royal Infirmary and were selected if they had a normal cerebral ultrasound examination, no serious congenital abnormalities, and no clinical evidence of intrapartum asphyxia. Infants on mechanical ventilators were recovering from their lung disease, and arterial blood gas sampling was performed only through indwelling aortic or radial cannulas. The study was approved by the Leicestershire district ethical committee and infants were enrolled only with the full consent of their parents; the study was usually performed in the presence of the baby's mother.
Results
A total of 32 infants was studied, 17 were premature (36 weeks' gestation or less) and 15 born at full term (37-42 weeks' gestation). The median gestational age of the infants born at full term was 39 weeks and that of the premature group 31 (range 25-36). The median age at the time of the study was 2 days in the premature group and 3 days in the group born at full term (tables 1 and 2).
There were significant falls in cerebral blood flow velocity in 15 of the 17 premature infants with hyperoxia (p=0-001) (fig 1) and in all 15 of those born at full term (p=0*0006) (fig 2) . The change in velocity was corrected for a standard rise of 1 kPa in PaO2. The median reduction in cerebral blood flow velocity for every increase in oxygen tension of 1 kPa was 006 cm/second for premature infants and 0O18 cm/second for those born at full term; this difference was significant (p=00001).
The median changes in velocity for the normoxic, hyperoxic, and normoxic periods of the study for the two groups are shown in fig 3. There was no difference between the two normoxic periods for the infants born at full term, but in the group of premature infants the velocity remained significantly lower in the second normoxic period compared with the first (p=0.016). The median time between the second and third assessments in the premature group was 10 minutes. There were no significant changes in the mean arte-rial blood pressure during the three assessment periods for either group. In the premature group carbon dioxide tension measurements were available in 13 of the 17 infants and there were no significant differences among the three assessment periods. Carbon dioxide tension measurements were available in 11 of the 15 infants born at full term, and in this group the median carbon dioxide tension for the normoxic, hyperoxic, and normoxic groups were 5X1, 4.7, and 5-0 kPa. When the two periods of normal oxygenation were compared with the hyperoxic period, there was a significant reduction in carbon dioxide tension with rising oxygen (the first normal period compared with the hyperoxic period p=0007, and the hyperoxic period compared with the second normal period p=005). Analysis of variance showed that a change in oxygen tension contributed 1.3% of the variability in cerebral blood flow velocity compared with 10-6% that was attributable to changes induced by alterations in the carbon dioxide tension.
Discussion
Our study shows that newborn infants undergo physiological changes in their cerebral blood flow velocity with hyperoxia, and this effect was present during the first few days of life. We previously reported that extremely ill, premature infants undergo an increase in their cerebral blood flow velocity with a small increase in arterial carbon dioxide tension. b These studies show that in newborn infants irrespective of gestational age changes can be mediated in cerebral blood flow by altering blood gas tensions in the same manner as in adults. Hypoxia increases cerebral blood flow in fetal7 and newborn8 lambs. Rosenberg et at8 also showed that the increase in cerebral blood flow (measured by microspheres and induced by hypoxia) correlated closely with changes in both diastolic velocity and peak systolic velocities (measured by Doppler ultrasound). Costeloe et a19 showed a reduction in apparent cerebral blood flow with hyperoxia using indirect methods of measuring cerebral blood flow such as venous occlusion plethysmography and electrical impedance, but the infants that they studied were more mature than the ones we report.
There has been some suggestion10 (based on the work of Mchedlishvili11) that Doppler ultrasound may not reliably reflect changes in cerebral blood .
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group.bmj.com on September 8, 2017 -Published by http://adc.bmj.com/ Downloaded from flow caused by the changing diameter of the vessel being examined (in this case the anterior cerebral artery). If, however, hyperoxia did induce vasoconstriction of the anterior cerebral artery, this effect would only underestimate any change detected by Doppler ultrasound. Mchedlishvili recently concluded that changes in cerebral blood flow caused by changes in oxygen or carbon dioxide tensions are mainly mediated through the small pial arteries. 12 We believe that changes in cerebral blood flow velocity measured by duplex Doppler ultrasound reflect actual changes in cerebral blood flow caused by the resistance of the cerebral microvasculature.
The infants born at full term seemed to have greater reduction in cerebral blood flow velocity than the premature ones. This effect was principally caused by significant falls in carbon dioxide tensions during the periods of hyperoxia. Increasing inspired oxygen to the mature spontaneously breathing newborn infant probably stimulated respiration with a consequent reduction in carbon dioxide tension. This may have been mediated peripherally by the flow of gas close to the babies' faces. An alternative hypothesis is that the reduction in pulmonary vascular resistance increased the pulmonary blood flow and hence reduced the PaCO2. We cannot be sure whether hyperoxia alone changes the cerebral blood flow velocity in the mature babies we studied, because of the comparatively greater effect of the change in carbon dioxide tension. Most of the premature infants we studied were mechanically ventilated and consequently did not show systematic changes in their carbon dioxide tensions. Hypoxia and hypercapnia have additive effects in increasing cerebral blood flow'3 14 and we might assume that hyperoxia and hypocapnia have similar additive effects.
Another interesting difference between premature infants and those born at full term was the failure of the premature infants' cerebral blood flow velocity to return to normal after periods of hyperoxia (fig 3) . This may be because premature infants have less efficient control of their cerebral arterioles, and there is a delay in vasodilatation and return to normally oxygenated cerebral blood flow. We may also be observing a hysteresis loop with proportionately less reduction in cerebral blood flow velocity in the downward part of the oxygen tension curve. With the introduction of more continuous methods for measuring cerebral blood flow velocity we may be able to study this in more detail.
Infants born at 'Lull term (and possibly also premature infants) with sustained degrees of hyperoxia are more likely to develop retinopathy of prematurity and this is presumably due to a period of retinal ischaemia. The retinal arterioles are not likely to be any more sensitive to hyperoxia than other arterioles within the central nervous system, and our results show that there is a consistent reduction in cerebral blood flow velocity (and therefore cerebral blood flow) with a short period of hyperoxia in the immature brain itself. It seems possible therefore, that the effects of a short period of hyperoxia on the brain of an extremely premature infant may be more prolonged than on the brain of a baby born at full term, and that this may be an important factor in the development of retinopathy of prematurity in these infants. We believed that it was justified and safe to expose these infants (most of whom were receiving oxygen anyway) to an extremely short period of hyperoxia. Regular ophthalmic examinations of the premature infants were performed and in no case where acute retinopathy of prematurity occurred was it more severe than grade II.
In conclusion, the cerebral blood flow velocity of the newborn infant alters in response to a brief period of hyperoxia. In the premature infant this effect seems to be more prolonged than that in the infant born at full term. The exaggerated reduction in cerebral blood flow velocity in infants born at full term is caused by a simultaneous reduction in carbon dioxide tension that causes a comparatively large effect on the reduction of cerebral blood flow.
